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Abstract 
Mineralogical examination and stable isotope analyses for the Lake Qinghai sediments indicate that authigenic 
carbonate minerals are present either in the form of one type or several types co-existed in the sediments, and that 
large differences inį18O of up to 6.5‰ are shown for selected sediment samples. Theseį18O values are highly and 
positively correlated with total carbonate contents (TCC) and are not affected by shifts in carbonate mineral 
composition, indicating that oxygen stable-isotope fractionation among different carbonate minerals is minimum. 
The results suggest that marked changes in carbonateį18O are resulted predominantly from changes in isotopic 
composition of the lake water, and that differentiatedį18O values resulted possibly from isotope fractionation among 
co-existed carbonates formed in natural environmental conditions are limited to 0-1‰. Theį18O proved to be a useful 
environmental proxy for the study of the past changes in P-E budget of closed-basin lakes. 
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1.Introduction 
Lake Qinghai, the closed-basin lake and the largest water body in China, lying in an intermontane 
basin on the northeast corner of the Tibet-Qinghai Plateau, is climatically influenced by both the Eastern-
asian monsoon and the westerlies, and is sensitive to the climatic change such as regional precipitation. 
The history of the lake-level change is the important environmental archive for the study of regional 
monsoon evolution. For the changes in P-E budget of closed-basin lakes determining the changes of lake-
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level and of the lake waterį18O (į18Ow), the carbonates į18O (į18Oc) from such lakes is an important 
environmental proxy for the study of the lake water isotope chemistry and lake-level change [1-3]. Many 
study results suggest thatį18Oc values from closed-basin lakes are parallel to those ofį18Ow. However, 
when theį18Oc is applied to study the environmental evolution, the differentiatedį18Oc values resulted 
possibly from isotope fractionation among co-existed carbonates formed in natural environmental 
conditions needed to be given attention and to be clarified[4,5]. This paper discusses and evaluates the 
fractionation differences among co-existed carbonates, based on the mineralogical analysis and 
determined results of į18Oc values from Lake Qinghai.  
2.Methods and results 
Sediment core QH14 was extracted from the central sub-basin of Qinghai Lake using a Kullenberg 
corer and stored in cold room at 4ć. Core sections were split and photographed fresh. Total carbonate 
contents(TCC) were calculated from total inorganic carbon(TIC) determined by coulometer 
measurements. XRD analyses defined relative contribution of three carbonate minerals. Oxygen isotope 
composition of carbonate minerals (į18Oc) was determined with a VG Micromass 903 mass spectrometer 
at the Geologisches Institue, ETH-Zurich. 
As shown in table 1, TCC of sample No 1 is 31%, with the relative content of dolomite being 44%. 
Compared with sample No 1, į18O of sample No 2 and 3 is respectively 6.506‰ and 6.144‰ higher, and 
the relative contents of dolomite of which is up to 100%, companied with a rapid increase in TCC from 
31-77%. Along with the sudden end of dolomite sediment at 399 cm of depth, TCC decrease speedily 
from 77-28%, as well as the synchronous fall of į18O which has dropped to -0.762λof sample No 4. 
Comparing sample No 5 and sample No 6, the relative contents of aragonite rises from 68λ to 93λ, and 
the į18O also rises from -0.034‰ to ˍ.466‰. Though the relative content of dolomite of sample No 7 is 
36% higher than that of sample No 6, theį18O of which still drops 2.149‰ along with the fall of TCC 
from 78λ to 54%.  
TABLE. 1 Carbonate mineral composition andį18o data from core QH14 
Sample 
No 
Depth 
˄cm˅ 
į18O 
˄PDBǃ‰˅ 
Carbonates 
contents˄%˅ 
Relative contents of carbonates˄%˅ 
Aragonite Dolomite Calcite 
7# 383.1 -0.683 54.0 38 40 22 
6# 383.9 1.466 78.0 93 4 3 
5# 385.5 -0.034 53.0 68 4 28 
4# 389.6 -0.762 42.0 47 14 39 
3# 400.8 5.108 77.0 0 100 0 
2# 404.0 5.470 77.0 0 100 0 
1# 415.5 -1.036 31.0 18 44 38 
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Fig. 1 Carbonate mineral composition and į18O data from core QH14 versus sediment depth 
3.Discussion
The results above expressly indicate the high and positive correlation betweenį18O and TCC(Fig.1), 
which shows that oxygen stable-isotope fractionation among co-existed carbonates is not the main factor 
controlling the large range change of į18O. The carbonates in the sediment from Lake Qinghai being 
autogenic, TCC mainly reflects the chemical status of lake water, especially the change of salinity and 
alkalinity of lake water which is commonly in synchronization with į18O changing of lake water. So the 
large range ofį18O fluctuating of Qinghai lake sedimental profile reflects the marked change of į18O of lake 
water. 
Results from Lake Qinghai sediments indicate that the oxygen isotope fractionation among co-existing 
carbonates formed naturally in lake environments is minimum, and far less than the fractionation 
differences of 4‰-7‰ inį18O between dolomite and calcite, obtained based on elevated-temperature 
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experiments and extrapolations to temperatures at 20ć -25ć[6-8]. The changes inį18O with a magnitude 
up to 6.506‰ between sample No 1 and 2 from Lake Qinghai sediment are not the result of fractionation, 
for the reason that just like sample No2, dolomite is also the dominant carbonate mineral in sample No 1, 
the relative content of dolomite has reached to 44%. Results show that the relative content of dolomite in 
sample No 7 is 36 % higher than in sample No 6, while į18O of sample No 7 does not rise accordingly due 
to the fractionation effect. Furthermore, the fall ofį18O up to 5.87‰ between sample No3 and 4 is also not 
the result of oxygen isotope fractionation among co-existed carbonate minerals, but is caused by the abrupt 
rising of lake water, which results in the desalting of lake water and the termination of the playa lake 
environment[3]. The large range of negative shift in į18O of lake water at this time is also suggested by 
the evidence of the drop  at least 4‰ ofį18O from lacustrine ostracodes [1]. 
Results from Qinghai Lake indicate that isotope fractionation between co-existing carbonates formed 
naturally in lake environments is far less than the extrapolated values based on elevated-temperature 
experiments. The result in this paper supports the conclusion that the differences caused by oxygen 
isotope fractionation between co-existing carbonate minerals formed in natural environment are limited 
to 0-1‰. 
To explain such large difference of fractionation difference between extrapolated values obtained 
based on experiment and practical values formed in natural environment, O’Neil et al. [7] think that co-
existed dolomite and calcite formed in natural environment do not reach the oxygen isotope equilibrium, 
while the equilibrium is achieved in elevated-temperature experiments. Some researchers hold the opinion 
that oxygen isotope equilibrium fractionation factor of dolomite is smaller than that of calcite[9], and the 
other researchers take the view that į18O of proto-dolomite is 3‰ lower than of dolomite both formed in 
natural environment [10]. 
4.Conclusion 
Authigenic carbonate minerals commonly in two or more types are present in the sediment column of 
many brackish lakes in the western China, either in different intervals of the column or in an annually-
formed lamination. The magnitude of oxygen isotope fractionation between different carbonate minerals, 
that were used for isotope analysis, should be adequately evaluated and calibrated for the į18Oc curve if 
the fractionation is substaintial. The sediment interval of 380-450 cm from core Q14B was used for this 
study. The data of carbonate content and mineralogy, and į18Oc indicate that changes inį18Oc with a 
magnitude up to 6.51‰ are resulted from the rapid changes of precipitation-evaporation budget, rather 
than oxygen isotope fractionation between different carbonate minerals.į18O of lacustrine authigenic 
carbonates is one of the important and sensitive environmental proxies for the study of lake water 
isotopic balance and of regional climatic evolution. Results from Lake Qinghai indicate that isotope 
fractionation between co-existed carbonates formed naturally in lake environments is minimum. The 
fractionation differences of 4-7‰ inį18O between dolomite and calcite, obtained based on elevated-
temperature experiments and extrapolations to temperatures at 20-25 ºC, are not applicable to the 
carbonates formed in natural environments. The fractionation differences of 0-1‰ are recommended for 
calibrating a possible disparity between co-existing carbonates in lacustrine isotopic records. 
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